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Abstract 
Trifluoroacetates (TFA) –metal organic deposition (MOD) derived YBCO coated conductors are expected for many applications 
mainly due to cost-efficiency. High Ic and production rate are required for cost reduction in terms of $/Am. Improvement of Ic 
performance and production rate has been studied in this work, focusing on the conversion process of TFA-MOD. YBCO precursor 
films with desired thickness were prepared by using the multi-turn reel-to-reel (RTR) -system of dip-coating and calcination. The 
precursor films were heat treated under different conditions including the interim annealing. Crystallization process was performed 
on the interim annealed samples by using a multi-turn RTR system. The conversion furnace was modified so that improved 
conditions such as higher gas flow rate, lower total pressure can be used, which improved the production rate in crystallization 
process to 15 m/h by accelerating YBCO growth rate. Adopting the interim annealing, Ic property increased about 30 % compared 
with that prepared without the interim annealing. X-ray ș-2ș diffraction analysis showed that; the peak intensities of YBCO (005) 
in interim annealed samples were 1.5 times stronger compared with those prepared without the interim annealing. The interim 
annealing affected the crystallinity and microstructure, resulting in high Ic. Then, the improved process for crystallization was 
applied to long tapes fabrication. A 205 m-long YBCO coated conductors fabricated at 15 m/h with interim annealing showed high 
and uniform Ic performance throughout the tape; Ic(min.)=372 A/cm-w@77 K, s.f., standard deviation = 15.2 A (3.7%). Uniformity 
along transverse direction was also analyzed by striating a 54 m long tape (199.5 A/5 mm-widths) into 5 filaments and, the Ic value 
of each filament (1 mm-width) was confirmed to be uniform; 24.3-32.9 A. 
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1. Introduction 
REBa2Cu3Oy (REBCO; RE: rare earth element) coated conductors (CC) are expected to be a promising candidate 
for high performance superconducting tapes. For industrial applications such as power cable, transformer and 
superconducting magnetic energy storage (SMES), not only high critical current (Ic) but also high production rate by 
Trifluoroacetates-Metal Organic Deposition (TFA-MOD) process need to be developed. TFA-MOD process is known 
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as a process to obtain high critical current density (Jc) with low cost. In our previous work, a multi-turn RTR 
crystallization large furnace with a vertical gas flow system has been developed and the uniform reaction was attained 
in the tapes. [1] Controlling the YBCO growth rate based on the understandings of the YBCO growth mechanism was 
found to be essential to achieve higher Jc value with a higher growth rate. When a multi-turn RTR crystallization large 
furnace used in this work had introduced, the growth rate of YBCO layer was 0.1 nm/s [1]. Maximum of the critical 
current density (Jc) was 2.1 MA/cm2 and maximum film thickness that it is possible to keep 2.1 MA/cm2 was 1.0ȝm 
before modifying the furnace. The production rate was 1-3 m/h. In this work, production rate and the critical current 
(Ic) were improved by increasing crystal growth rate of conversion step and adopting the interim annealing. 
Additionally this technique of controlled growth rate was applied to long tape.  
2. Experimental 
The starting solution for coating contains Y-trifluoroacetates, Ba-trifluoroacetates, and Cu-octylacetates with a ratio 
of 1:1.5:3 dissolved in the organic solvent [2]. The starting solution was dip-coated on the buffered tapes of CeO2 (ǻĳ 
= 3.5°) /LaMnO3 / IBAD-MgO / Gd2Zr2O7 / HastelloyTM C276 by the multi-turn RTR system. The tapes were 
calcinated to form precursor films by increasing the temperature to 450͠ in a humid oxygen atmosphere. The coating 
/ decomposing process were repeated to obtain desired film thickness of 1.5ȝm. The fabricated precursor films were 
then heat treated at 575͠ for three hours in dry argon atmosphere, which was named as interim annealing. The heat-
treated precursor films were heated to 760͠㧔Tmax㧕in a humid mixed nitrogen and oxygen gas atmosphere to 
crystalize YBCO, and other experimental conditions of the total pressure (Pt), the volume of gas flow (Vg) and the 
water vapor partial pressure (PH2O) were 40 Torr, 140 L / min and 14 Torr, respectively.  
The crystallinity of the YBCO films was evaluated by X-ray ș-2ș diffraction and ĳ-scan. The critical current (Ic) 
was measured by the four-probe method with the criterion of 1ȝV/cm. A longitudinal Ic distribution was measured by a 
continuous system of transport Ic measurement by the four-probe method.  
In order to evaluate uniformity in transverse direction of fabricated long tapes, we measured Ic values of each 
filament of 1mm in width after laser scribing. 
3. Results and discussion 
3.1.  Increment of production rate  
The growth rate of TFA-MOD derived YBCO is limited by HF gas removal from the film surface as a function of 
PH2O, Vg, Pt, etc. [3]. The conversion system was reconstructed (e.g. pump, gas supply system) so that those 
parameters can go further for improving YBCO growth rate. As a result, the production rate was improved from 3 to 
15m/h without degradation of the Jc value after the optimization of the parameters. Although the production rate was 
improved to 15m/h, the Jc values did not change by optimizing several parameters of Tmax and PO2 no relationship with 
YBCO growth rate. In this work, those indicated that the YBCO grow in a manner of layer-by-layer at least in the 
range of growth rate at 15m/h. On the other hand, the influence of the ramp rate was negligible to the Jc values at least 
from 30 to 100 ͠/min since different production rate gave same Jc by using the same RTR system. The higher growth 
rate was expected to give higher Jc values since the coarsening of the precursor grains could be suppressed [1], 
however, the Jc values did not change. The growth rate dependence of Jc was affected by the precursor conditions, 
therefore, the interim annealing was performed on the precursor films to improve the Jc values. 
3.2. Interim annealing 
The critical current (Ic) values of the films with and without interim annealing were 436-444 A (㨪2.9 MA/cm2@77 
K, s.f.) and 205-332 A (1.4-2.2 MA/cm2@77 K, s.f.), respectively. Fig. 1 shows the relationships between Ic and 
YBCO (005) intensity (a) and Ic and out-of-plane grain alignment, Ǎȁ (b). The peak intensities of YBCO (005) 
obtained from interim annealed films were about 1.5 times as much as those of non-interim annealed samples. The 
out-of-plane grain alignment, Ǎȁ, was also different and the interim annealed samples showed smaller Ǎȁ values 
of 㨪 1.7 deg. than the non-interim annealed ones (2.2 㨪 2.4 deg.). 
Consequently, the interim annealed samples had higher YBCO crystallinity resulting in high Ic values. There was 
no significant difference in size observed in the other phases between those samples. TFA-MOD derived YBCO layer 
grows in layer-by-layer manner with trapping the unreacted particles. The unreacted particles reacted with each other 
after the layered growth to form YBCO afterwards in the solid state reactions [4]. The size of the materials such as 
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BaF2, Y2Cu2O5 in the precursor affect YBCO growth behavior and therefore, the interim annealing was thought to 
change the precursor condition. 
 
Fig. 1. (a) Relationship between YBCO(005) peak intensity and Ic; and (b) Ǎȁ vs. Ic for the film, with and without interim annealing 
 
3.3. Long tape production by using interim annealing 
 
Fig. 2 shows the Ic distribution of a 205 m-long YBCO coated conductor fabricated using the interim annealing. 
This 205 m long tape fabricated at 15 m/h expressed a high Ic(min.) value of 372 A/cm-w (@77 K, s.f.) (Jc : 2.6 
MA/cm2). The uniformity of the wire was quite high as the standard deviation in the entire wire was 15.2 A (3.7%) 
and that in the middle part (178 m) was 5.9 A (1.5%). It was estimated that the homogeneity inside film was improved 
by the interim annealing. Since we could fabricated high Ic YBCO coated conductors reliably by using the interim 
annealing, the technique was adopted to long tape production. 
Long tape production at high production rate of 15 m/h means the potential for lowering cost and improving 
production capacity. With multi turn RTR large furnace, Pt, Vg, and PH2O parameters were limited up to 100 Torr, 70 
L/min, and 20-30 Torr, respectively. Then, the furnace was modified for higher specification abilities such as Pt, Vg, 
and PH2O parameter to be 40 Torr, 140L/min and 14Torr, respectively. Mainly accelerating to the improvement of the 
abilities of the furnace, the 1.5Ǵm thick films can be completely converted at the production rate of 15 m/h. 
Fig. 2. Ic distribution in 200 m YBCO CCs; Fig. 3 current vs. 5 filaments 
3.4. Laser-scribing processing 
A 54m long tape fabricated with high growth rate condition with interim annealing was laser scribed to evaluate the 
uniformity in transverse direction of the tape. The 10 mm-wide tape was cut into 5 mm-wide ones and then scribed 
into 5 filaments. The Ic values of 5 filaments are shown in Fig. 3. The standard deviation was 3.1 A (10.9%) and that 
of filament width was 25Ǵm (3.1%). Comparing the Ic value before scribing of 199.5 (A), the total current of 5 
filaments after scribing was 143.7 (A). It means that the processing loss was 28.0%. The reason for such high 
uniformity could be realized to improvement of film compactness by interim annealing. 
(b)
 
 
(a)
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4. Conclusion 
The interim annealing was developed to make long coated conductors with high property and its uniformity. The 
interim annealed samples had better YBCO crystallinity resulting in high Ic values. 
A multi-turn RTR crystallization large furnace was modified to obtain a higher growth rate. As a result 1.5 ȝm 
thick film can be converted at 15 m/h production rate. Interim annealing was adopted in this system, resulting in that 
the critical current density (Jc) of the film adopted interim annealing increased dramatically to about 3 MA/cm2. A 205 
m long YBCO coated conductor was fabricated with the techniques of high growth rate and interim annealing. This 
tape fabricated at 15 m/h expressed not only a high Ic(min.) value of 372 A/cm-w (@77 K, s.f.) (2.6 MA/cm2) but also 
high uniformity in both longitudinal and transverse directions. It is revealed that approximating to practical process.  
We need to investigate more closely crystal growth mechanism as future task in terms of improvement of Ic 
performance and production rate. 
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